A 10-year retrospective study was made to determine the spectrum of underlying disease in, and the capsular types of pneumococci isolated from, blood and body fluids of 140 hospitalized patients. Fifteen serotypes were found among 82 typed isolates, 53% of which were types 8, 14, or 23. There was a predominance of males and a high incidence of underlying pneumonia, chronic liver disease, nephrotic syndrome, cerebrospinal fluid rhinorrhea, and malignancy. Mortality rates were higher among the very young and aged, and the immunologically comprised host at either extreme of life was more susceptible to disseminated pneumococcal infection. Pneumococci of the higher capsular types were prominent in children, and those of the lower types in adults, a finding in agreement with other recent studies.
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Overwhelming systemic infections due to Diplococcus pnewnoniae are frequent despite this organism's continued susceptibility to penicillin, and thus pneumococcus remains an important cause of morbidity and mortality. Renewed interest in the epidemiology, pathogenesis, and prophylaxis of pneumococcal infections has prompted us to review the past 10 years of experience with serious infections caused by this agent at the University of Minnesota Hospitals.
The purpose of this study was to (i) determine the types of pneumococci isolated from blood and body fluids of hospitalized patients from 1961 to 1970, for purposes of comparison with similar data from studies done in different localities and in different years; (ii) ascertain if the capsular types of pneumococci isolated from blood and body fluids are similar to types reported to have been isolated from the sputum of patients with pneumonia and from the upper respiratory tract of asymptomatic carriers; (iii) confirm the role of host factors such as age and underlying disease in the pathogenesis of disseminated pneumococcal infection.
MATERIALS AND METHODS
The patients chosen for study were those hospitalized at the University of Minnesota Hospitals from January 1961 to December 1970 from whom pneumococci were isolated from blood, spinal, pleural, or peritoneal fluids. Pneumococci were identified by colonial morphology, hemolysis, Gram stain, optochin sensitivity, and the Quellung (capsular swelling) reaction by using antisera (Lederle and Difco) to types 1 to 33. Isolates from the respiratory tract were not typed. Patients with pneumococci obtained at autopsy or from mixed infections were excluded from analysis. Charts of patients from whom pneumococci were isolated from body fluids were reviewed to obtain the following data: age and sex incidence, presence of pneumonia with pneumococci in the sputum preceding or during dissemination, mortality rate in relation to age and to specific pneumococcal types, distribution of pneumococci according to age, predilection of certain types to localize in certain body cavities, and the spectrum of underlying disease in this hospitalized population.
An attempt was also made to assess the role of pneumococcal infection as a cause of death, by correlating the clinical picture with X ray, autopsy, and bacteriological culture reports.
RESULTS
During this retrospective study covering a span of 10 (Table 5) . Eighty per cent of all the patients and 92% of those who died were under age 10 or over age 50 (Table 4) .
Ascites associated with chronic liver disease or the nephrotic syndrome was present in 9 of 10 patients with pneumococcal peritonitis (Table 6 ). CSF rhinorrhea was present in 10 of 25 patients with meningitis (Table 7) .
One hundred and nine patients had serious brospinal fluid (CSF), 5 peritoneal, and 3 pleural isolates typed ( Table 2 ). The distribution of capsular types isolated from blood according to age is illustrated in Table 3 . There was a predominance of lower types, especially 1 and 8 from adults, and of higher types including 14, 18, and 23 from children.
Eighty-four (60%) of the patients were male and 56 (40%/) were female.
Pneumonia was present in77 (55%) and was the most frequent focus of infection prior to dissemination. Fifty of the 140 patients died, 33 most likely related to their pneumococcal infection (Table 4 ). All the pneumococci from patients who died were typed, and all 33 deaths occurred in patients who were infected with the 8 most common of the 15 types found in this study (Table 5) . Notably, 20 of the 33 deaths were attributable to just three types (14, 18, (Table 8) . DISCUSSION Our data focus on the continued prevalence of severe pneumococcal infection in the antibiotic era. It has been suggested that the incidence of such disease will not further decline without a change in approach to prophylaxis or therapy (1) . Previous clinical trials with polyvalent pneumococcal vaccines have indicated their protective efficacy and ability to induce longlasting immunity (14) . Austrian (2) has advocated their use in certain high-risk groups. He concluded that an appropriate vaccine should be protective against the small number of pneumococcal types that he (2) and others (6) have found to be frequently associated with bacteremia and high mortality rates. In his experience, bacteremia and death, particularly with types 3 and 8, was more common in elderly (10) .
The higher incidence of and mortality rate from types 1 to 12 in some recent studies (2, 6) , as compared to our experience, may be largely attributable to the age of the patients included for analysis. More than half of our typed isolates came from patients under 12 years of age, whereas all of Austrian's (2) patients were over that age. That age probably was significant in this regard is strikingly illustrated in Table 3 , showing the paucity of lower types from children under age 12 and the infrequency of higher types among adults, in agreement with previous studies.
An additional factor of importance in the comparison of the distribution of types may have been the incidence and nature of underlying diseases in the different studies. Eighty-one per cent of our patients had complicating systemic diseases in contrast to 54%r in Austrian's study (2) . In addition, considerably more of our patients had malignancies being treated with drugs which inhibit host immune responses and which might have made them more susceptible to some of the less virulent higher capsular types.
Lund (13) noted differences in pneumococcal types isolated from different body sites, indicating a possible propensity for certain capsular types to infect certain organs. We could not confirm this possibility among our smaller number of typed isolates.
The possible predominance of certain pneumococcal types in different geographic locations could obviate the widespread use of a single polyvalent pneumococcal vaccine. Fortunately, this does not seem to be the case on comparing our data with that of others. Our blood isolates (57%) were types 8, 14, or 23 and these were among the most common types in large studies in other locales (2, 13) .
A rapid shift over a short period of time in the types of pneumococci isolated from clinical specimens does not seem likely, in view of the relative constancy of the predominant types noted from the pre-antibiotic era (9) until recently (2, 6) . Apparently there is a similarity between the types isolated from throats of nonhospitalized carriers (17) , from the sputum of patients with pneumococcal pneumonia (2, 6) , and from the blood and body fluids of patients with disseminated infection (2, 13). Calder et al. (6) found types 3 and 8 to comprise 36 and 15%, respectively, of pneumococcal isolates from the sputum of 134 patients with pneumonia. Lund (13) found these same types to be among the commonest isolated from blood. Feldman (17) showed among a group of asymptomatic pneumococcal carriers that types 3 and 8 comprised 59.9% of isolates from the throat. Because of this similarity among the capsular types which are generally carried asymptomatically and those which are isolated from clinical infections, a vaccine aimed at preventing colonization by the types most often found in the respiratory flora might be expected to lower the incidence of systemic infection caused by these same types.
The increased susceptibility to infection of patients with autoimmune disorders, diabetes mellitus, and immune deficiency states is well known. Absence of normal splenic function due to splenectomy, congenital absence, hypoplasia, or massive infiltration of the spleen has been noted to increase the risk of overwhelming pneumococcal infection (8) . In sickle cell anemia, when splenic infarction leads to functional autosplenectomy, a deficiency of pneumococcal opsonic activity results in a greater susceptibility to pneumococcal septicemia and meningitis (16) . Recurrent meningitis in the presence of occult or obvious CSF rhinorrhea is also well documented.
The frequency of pneumococcal peritonitis complicating the nephrotic syndrome (15) and chronic liver disease (7, 12 ) is incompletely understood. Pneumococci which are commonly present in the respiratory tract may cause transient bacteremia, and the presence of ascitic fluid in these two conditions may provide an optimum environment for growth of organisms which seed the peritoneal cavity.
Our study is not strictly comparable to those in which the patients were chosen on thebasis of a pneumococcal respiratory infection. Our selection of patients on the basis of positive body fluid cultures tends to include many with severe underlying disease, thus tending to obscure the exact contribution of pneumococcal infection as a cause of death. However, all of our patients showed clinical deterioration at the onset of pneumococcal infection, and postmortem data tended to confirm the role of such infection in the ultimate demise of 33.
Thus, several points seem to emerge from our analysis. Life-threatening pneumococcal infections tend to occur in infancy, in the elderly, and in those with underlying systemic diseases affecting the immune system. The high incidence of deaths from higher pneumococcal types in our study seems to be related to the inclusion of a large number of children, who tend to become infected with these types more often than adults. In the latter, morbidity and mortality are most often due to lower types. 
